Although the number of comprehensive crop yield loss reports are limited, conservative estimates put crop yield losses by plant-parasitic nematodes at $100 billion US dollars worldwide annually (69) . In the USA, annual losses in soybeans due to Heterodera glycines IcHINOHE alone have been estimated to be approximately $438 million dollars (81) . Because of the low numbers of practicing nematologists in many parts of the world, however, it is safe to assume that crop yield loss estimates may be higher than reported. The limited success of quarantine, eradication, and exclusion strategies are among other reasons plant-parasitic nematodes continue to be a major problem in world agriculture. A realistic alternative strategy is nematode population suppression. However, limitations of either ineffectiveness, narrow spectrum, economic feasibility, environmental safety concerns, or sustainability of nematode management tactics (10) , and agroecosystem complexities (8) affect the successful implementation of populations suppression. For example, breeding for resistance is one of the nematode management tactics that allows us to exploit technological advances (82) and can be integrated with cultural practices (67) . However, there are major challenges to breeding for resistance. For example, there are 16 identified biological races of the soybean cyst nematode (70) and only limited sources of resistance (83) . Second, the total cost of breeding the demonstrating that breeding for resistance is very profitable, the cultivar's susceptibility to root-knot (Meloidogyne incognita (KOFOID & WHITE) CHITWOOD) nematode limits the profit (8).
Third, there are well defined root-lesion (Pratylenchus penetrans (COBB) FELIPJEV & SCHUURMANAS-STEKHOVEN) nematode-resistant alfalfa cultivars (73) . Potato can benefit nutritionally following alfalfa in a rotation system; however, the numbers of root-lesion nematodes that will be left over from alfalfa will be devastating to potato (37) . The point to be emphasized is that there is a need to compliment resistance with other tactics that suppress nematodes that are not targetted by resistance management.
If current and future nematode management tactics and strategies are to be sustained, therefore, they need to reflect the demands and the complexities posed by various farm types, crops and cropping systems (58, 59) , the associated pest species (60, 64) , and be amenable to fast moving technology (12, 72, 82 ).
Framework of integration
One of the keys to designing a sustainable nematode management system is to consider the interactions among the diversity of nematodes, hosts, and their respective environments .
Considering a broad range of nematodes is important because of multi-taxa presence under many agricultural field conditions (61) . Thus, a multi-dimensional integrating system that focuses on changing what groups of plant-parasitic nematodes do and where they do it may have a better chance of sustainability than changing the behavior of a single nematode species. Understanding the complete behavior of a single species, however, is key to the integration process. Whether or not nematodes are ecto-(anterior body portion embedded), migratory endo-(body fully embedded), or sedentary endo-parasites (body fully or partly embedded) , one way of studying nematodes collectively is by using the three general feeding behaviors (16) It is rare that a single plant cultivar satisfies all of the desired agronomic traits and resistance to nematodes.
Further, excessive use of resistant cultivars cause selection-pressure , leading to nematodes adopting to the resistance factor (83) . Therefore , it is important to consider different genotypes (resistant, tolerant, and susceptible) . Tolerant and susceptible cultivars are equally suitable hosts, but a tolerant plant does not suffer yield loss while a susceptible plant does (7) .
Simple integration of tactics may work but it may not be sustainable; whereas , integrating the same tactics on a common focal point can be sustainable. The challenge is how to develop an integrated management approach (59) that accounts for the diversity of nematodes and host plants with a common denominator that is relatively easy to apply. Soil is central to the environment of plant-nematode interactions, and mineral nutrition is one factor that can be manipulated to benefit the plant. soil type nematodes inhabit or plants grow in, all plants will require balanced nutrition. Nutrients are absorbed in liquid form and nematodes have to swim through the soil suspension to get to the roots. The effect of nematodes on plant growth is worse in nutrient deficient than in nutrient balanced or rich soils (45, 46, 74, 75) , and nutrients play a vital role in plant disease expression (4, 19, 31, 33, 42, 44, 51) . Furthermore, soil amendments to alleviate limitations of nutrient availability and/or absorption (3, 22, 68) arising from either soil acidity (77) or alkalinity (9) in many agricultural ecosystems are common (11, 23, 28, 29, 30, 31) . At the very least, therefore, it is worth exploring the potential of soil nutrient manipulation as a tool for nematode management (54) by quantifying host (14, 36) and nematode (46, 47) responses.
For nutrition-based nematode management to be applicable to existing conditions with the benefits of accommodating future technology, however, three criteria have to be demonstrated: i) benefits of mineral nutrition in affecting host-nematode interactions, ii) economic and agroecological soundness of the strategy, and iii) host crop genetic potential to be exploited (Fig.  1) . In order to develop successful nutrition-based nematode management, one has to understand current practices from both the soil science and nematology perspectives. Soil scientists have been dealing with soil-driven crop production problems mostly by changing the soil to fit the plant through high input of fertilizers and pH adjustments (41) . High input genotypes, however, may have limited adaptations to adverse conditions that may not be easily ameliorated for either economic or natural reasons (15, 41) . With all of the advances in genetics of plant nutrition (17, 26) , cellular and subcellular nutrient translocation mechanisms (36) and whole-plant based genomic analysis (14) , the ability to change the plant to fit the soil conditions has become easier (41) . Because of the limited knowledge-base of nematode-plant nutrition interactions, the nematology approach has been to change the soil conditions to fit the plant and nematode rather than to change the plant and the nematode in question to fit the soil conditions. Thus, it is necessary to have a broad-based understanding of fundamental nematode and host biology to describe the underlying host-parasite interaction phenomena (Fig. 1 ).
Effect of nematodes on plant-nutrient relations
Obtaining a broad range of knowledge at the whole plant level will be a good measure of plant response to any soil nutrient manipulation practices.
In the presence of nematodes, the physiological processes of water and nutrient relations and phytohormones originating in the root (primary) and chlorophyll synthesis, photosynthesis and respiration in the shoot (secondary) are altered, leading to diminished plant productivity and poor growth compared with uninfected plants (Fig. la) . The terms primary and secondary refer to the sequence of events as they happen after nematode infection based on a review of the literature (1, 5, 20, 21, 32, 34, 37, 43, 53, 62, 63, 65, 70, 74, 75, 79) .
The disruption of the root system by the destructive, adaptive, and neoplastic feeding behaviors (16) impedes nutrient uptake (2, 35, 37) and creates a cascading effect on the physiology and metabolism of a plant (20, 21, 48, 49, 50, 56, 80) . Yellowing, stunting and poor growth are above ground manifestations. Although reports on the type of nutrient elements and the degree to which nematodes affect host-parasite interactions vary greatly, the normal balance of all macro (6, 34, 35, 39, 40, 57, 71) and most micronutrients (56, 80) are affected by nematode infection. Depending on the inoculum level and host age at the time of inoculation, significant changes in plant tissue elemental levels can occur within one week after nematode inoculation (56) . Furthermore, large change in the concentrations of any given element may not be necessary in order to have a significant effect on host physiology (56).
Whether or not plant-parasitic nematodes use destructive, adaptive, or neoplastic feeding behaviors, they cannot be distinguished by the way they induce symptoms of leaf chlorosis or stunted growth. If so, does it mean that all nematodes affect growth of all plant genotypes that they infect in similar ways? Although it is likely that quantitative plant responses vary by cultivar, nematode species, and duration of infection, preliminary studies seem to indicate similar effects if nematodes reach a damage threshold level (45) . If this is so, some of the questions to be considered are: Can the effect of nematodes be alleviated by nutritional changes in the growth medium? Will all nematodes respond the same way to the same level of nutrients?
Effect of soil nutrition on alleviating nematode-induced stress
Much of the work on nutrient use to alleviate the effect of nematodes (13, Whether or not nutrient-based nematode management can have practical implications under field conditions will, in part, depend on how well the effects of nutrition on nematodes, host, and the environment (79) are established. The basic underlying physiological mechanisms by which increased nutrition influences the host are largely unknown (55) . Compared with the plant response, the mechanisms by which mineral nutrition affects nematodes is even less known.
Hypotheses
Based on the brief review, three testable hypotheses can be drawn: The general increase in plant productivity and decrease in numbers of nematodes with increasing soil nutrition suggests that the nutrients may affect nematodes over a longer period of time. If the hypothesis is supported, increasing nutrient levels should increase nutrient concentration in the soil to the levels that adversely affect the nematodes and simultaneously maintain or increase productivity of nematode-infected plants.
The best scenario will be that nutrient elements work at an acceptable level of nutrient-use efficiency (3, 38) . If there is no effect on nematode population density with a positive effect on plant growth, the hypothesis will be false.
Nutrient types, sources and draw-backs
In order to evaluate the economic and agro-ecological feasibility of a nutrient-based nematode management system, it is important to consider the types (complete vs select) and sources (organic vs inorganic) of nutrients to be manipulated. The exact types and levels of nutrients to use will depend on the prevailing plant and soil conditions. For example, increasing complete nutrient source in a legume crop will suppress nodulation because of the presence of nitrogen (41) . The fact that nematodes decrease nodulation (2) will also require supplementary nitrogen source. While giving expected responses, increasing select nutrients may affect soil nutrient balance and beneficial soil organisms in the long run.
Considering the long-term soil-health related factors, it is likely that organic sources of nutrients will be preferred over inorganic sources of nutrients (28, 29, 30) . In either case, there is a need to determine how much nutrients are needed and the time line associated with the process (52) . For example, if N is to be supplied in the form of an organic amendment, the quantity of organic matter required to achieve a known amount of N and other nutrients to adversely affect nematodes needs to be determined. If the legume rotation system is the source of N, the cropping cycle and soil nutrients have to be determined. In the short-term, however, it may be necessary to use inorganic forms of nutrients to build a metaphor that can provide a quantitative basis for developing organic-based applications.
For example, if the levels of nutrition that adversely affect nematodes are known and assuming that all nutrient elements but N remain stable, how to bring the level of N to the required levels in a balanced way becomes the challenge. Hence, there is the need to balance all of the factors that affect the application and sustainability of the management plan.
Genetic potential and the hurdles to get there
Mineral nutrition of plants is under genetic control (18, 27, 78) and through the advances in genetics and molecular biology, the ability to change the plant to fit the soil conditions has become easier (41) . Consequently, many breeding programs have focused on developing plants adapted to adverse soil conditions or selecting for nutrient use efficiency conditions (see ref . 38 for reviews). Specifically, breeding programs have tended to combine high crop yields with high efficiency in acquisition and utilization of mineral nutrients (3 , 15, 17, 18) . In most cases, complex genetic systems are involved in the utilization of mineral nutrients (26) , although in some cases the control of alleles at a single locus is unclear (27) . Well characterized biochemical and molecular techniques on copper efficiency can provide models (27) . It is clear that modern technology has a big role to play in solving agricultural problems (12 , 17, 72, 78, 82) . The challenge is how to sustain the product in a complex agroecosystem (83) .
Considering the advances in plant nutrition, it is possible that one might ask two questions:
First, why go for a high fertilizer input approach to nematode management?
The reason is that we do not have defined benchmarks (other than plants do better under well nourished than less nourished conditions) to say that this level (s) of nutrient (s) is required to tilt the balance in favor of the plant with little effect on the ecosystem. The second question is , why not just narrow it down and search for specific genes for high efficiency of mineral nutrition utilization? Here again, there is a huge vacuum of knowledge between the advances in sub-cellular plant science and nematology as it relates to nematode-host-nutrition interactions. Therefore, it is impossible to be highly specific at this stage without unequivocally demonstrating what levels and what types of mineral nutrients affect nematodes, and how the plant hosts mediate the process of tolerance and/or compensation.
After establishing the responses with an emphasis on whole plant changes , however, it will be possible to look at genes that control the basic physiological mechanisms (14) . Vol.27 No. 2 Japanese Journal of Nematology 5.0. Cross-disciplinary linkages and benefits A better understanding of host-nematode interactions as influenced by mineral nutrition will have basic and applied benefits.
At the basic level, it will provide the data necessary for integrating the molecular, genetic and physiological approaches to developing a plant as well as to unraveling the sub-cellular basis of nematode development and infective behavior. Overall information to date suggests that a healthy-plant based nutrition supplement may not be enough when nematode infestations are above damage thresholds. Thus, nutrition will be added into the equation of either pre-planting or seasonal change in nematode management recommendations. It is likely that any nutrition-based nematode management practice will require some level of soil nutrient manipulation and must be site-specific. Any site-specific nutrient-based nematode management system, therefore, should lead to a balanced nutrient supply in the growth medium and be amenable to technology and cultural practices as they relate to agroecosystem complexities (28, 29, 30) and nematodes (58) , other pathogens (31, 64) , weeds (60) , and insect (24) management.
All of these challenges, however, will not be easy to meet without collaboration from other disciplines (47) . In reviewing the status and prospects for nematology, VAN GUNDY (76) 
